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TRANSLATION from Japanese to English 

CERTIFICATE OF ACCURACY 

I swear that I am a translator of the Japanese and English languages, a professional provider of 
translations, accredited by the American Translators Association for Japanese to English 
translation; 

that I am thoroughly familiar with these languages and have carefully made and verified the 
attached translation from the original document in the Japanese language, to wit: 

W098/29783 - Toner for Electrostatic Image Development Containing Polyolefin Resin 
Having Cyclic Structure 

and that the attached translation is a true and correct English version of the original to the best of 
my knowledge and belief. 
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Toner for Electrostatic Image Development 
Containing Polyolefin Resin Having Cyclic Structure 



The present invention pertains to toner for electrostatic image development. More 
specifically, it pertains to a toner with superior fixability, anti-spent toner effect, excellent 
transparency, and image sharpness when fixing dry one-component magnetic toner, dry 
one-component nonmagnetic toner, wet two-component toner, dry composite toner, wet- 
dry toner, and liquid toner. 

The present invention also pertains to the aforesaid toner applied to copiers, 
printers, fax machines, color copiers, color laser copiers, and high-speed 
electrophotographic printing machines. 

The spread of office automation involving electrostatic image development 
copiers and printers has increased demand for copied images with high quality, namely 
good sharpness, optical transparency, and fixability. 

Given this situation, in Japanese Patent Application Hei 7-354063 (submitted 
December 29, 1995), which was unpublished when the present application was 
submitted, the inventors described using a polyolefin resin having a cyclic structure as a 
binder resin for toner for hot-roller-type electrostatic image development copiers and 
printers and making the content of the aforesaid high-viscosity polyolefin resin less than 
50 wt.% based on the whole binder resin, and thereby resolving or improving the 
aforesaid problems and obtaining sharp high-quality copied images with superior 
fixability, optical transparency, and anti-spent toner properties. These features were 
realized when used for color toner. 

Nevertheless, the aforesaid invention was not able to achieve a wide nonoffset 
temperature range sufficient for practical use, and it did not achieve sufficient high-speed 
fixability for application to the continuing acceleration of copy speeds. 

Also, a variety of fixing methods are employed for fixing a toner image to 
ordinary paper or OHP film, etc., such as hot roller fixing, hot belt fixing, pressure fixing, 
radiated heat fixing, flash fixing, etc., but demands for energy conservation are 
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increasing, as symbolized by the recent Energy Star regulations, and there is strong 
demand for development of a toner that can be fixed at low temperature and low pressure. 
Therefore the thermal characteristics and mechanical characteristics of a conventional 
styrene alkyl resin, polyester resin, or the polyolefin resin having a cyclic structure 
described in Japanese Patent Application Hei 7-354063 are such they cannot be applied 
to future low temperature and low pressure [fixing]. These resins also have the defect 
that if their thermal characteristics are improved the toner's storage stability deteriorates. 

Incidentally, Table 1 shows the general formulations for toner for electrostatic 
image development copiers and printers. 



Table 1 . Toner General Formulations 

(Unit: wt.%) 





Binder 
Resin 


Colorant 


Charge 
Control 
Agent 


Functional 
Additive 


Magnetic 
Powder 


Solvent 


Dry two-component 
type 


50-100 


0-20 


0-10 


0-20 






Dry nonmagnetic one- 
component type 


50-100 


0-20 


O-10 


0-20 






Dry magnetic one- 
component type 


0-100 


0-20 


0-10 


(V~20 






Dry composite type 


50-100 


0-20 


0-10 


0-20 






Wet-dry toner 


15-50 


0-10 


0-5 


0-10 




50-70 


Liquid toner 


15-50 


0-10 


0-5 


0-10 




50-70 



The issue of the present invention is to provide a toner in a dry two-component, 
dry nonmagnetic one-component, dry magnetic one-component, dry composite, wet-dry, 
and liquid toner developing agent that, in addition to the effect achieved in Japanese 
Patent Application Hei 7-354063, achieves a wide nonoffset temperature range sufficient 
for practical use, has ftxability sufficient for high-speed copying, and as a result has a 
higher quality copy image, i.e. frxability, optical transparency, and sharpness, in 
electrostatic image development copiers and printers. 

This issue is resolved by using a binder resin that includes at least a polyolefin 
resin having a cyclic structure as a binder resin; the polyolefin resin having a cyclic 
structure consists of a resin or resin fraction having a number-average molecular weight 
(Mn) less than 7,500 as measured by GPC and a resin or resin fraction having a GPC 
number-average molecular weight of 7,500 or higher. Moreover, in this polyolefin resin 
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having a cyclic structure the content of a resin or resin fraction having an intrinsic 
viscosity (i.v.) >0.2S dl/g and a heat deformation temperature (HDT) of 70°C or higher as 
measured by the DIN 5346 1-B method and a number-average molecular weight (Mn) of 
7,500 or higher as measured by GPC and a weight-average molecular weight (Mw) of 
15,000 or higher is less than 50 wt.% based on the whole binder resin. 

Therefore the present invention pertains to an electrostatic image development 
toner whose main components are a binder resin, colorant, functional additive (usually 
wax as a releasing agent) and charge control agent; the electrostatic image development 
toner is characterized in that the aforesaid binder resin includes the aforesaid polyolefin 
resin having a cyclic structure under the aforesaid parameters. 

The polyolefin resins having a cyclic structure used here are copolymers of cyclic 
and/or polycyclic compounds having at least one double bond, such as a-olefins such as 
ethylene, propylene, butylene, etc. (acyclic olefins, in a broad sense) and cyclohexene, 
norbornene, tetracyclodecane (TCD), and dicyclopentadiene (DCPD). These are 
colorless and transparent and have high light transmittance. This polyolefin resin having 
a cyclic structure is a polymer obtained by a polymerization method using a catalyst such 
as a metallocene catalyst, Ziegler catalyst and metathesis polymerization (metathese 
polymerization), i.e. a double bond opening and a ring-opening polymerization reaction. 

Examples of the synthesis of this polyolefin resin having a cyclic structure are 
disclosed in Japanese Laid-open Patent Application Hei 5-339327, Japanese Laid-open 
Patent Application Hei 5-9223, Japanese Laid-open Patent Application Hei 6-271628, the 
specification of European Laid-open Patent Application (A) No. 203799, the 
specification of European Laid-open Patent Application (A) No. 407870, the 
specification of European Laid-open Patent Application (A) No. 283164, the 
specification of European Laid-open Patent Application (A) No. 156464, Japanese Laid- 
open Patent Application Hei 7-253315, etc. According to these, one or more cycloolefm 
monomers is polymerized with one or more acyclic olefin monomers, depending on the 
circumstances, in the presence of a catalyst consisting of at least one type of metallocene 
consisting of zirconium or hafnium and a cocatalyst such as aluminoxane, etc. at 
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~78~150°C, preferably 20~80°C, and pressure 0.01-64 bars. Other useful polymers are 
described in European Laid-open Patent Application (A) No. 317262; a copolymer of 
hydrogenated polymer and styrene and dicyclopentadiene can also be used. 

A metallocene catalyst becomes activated if the metallocene catalyst is dissolved 
in an inactive aliphatic or aromatic hydrocarbon, so the metallocene catalyst is dissolved 
in toluene, for example, and undergoes preliminary activation and reaction in the solvent. 

Important COC properties are the softening point, melting point, viscosity, 
dielectric characteristics, anti-offset window (anti off set window), and transparency. 
These can be beneficially adjusted by selecting monomer/comonomer, the ratio between 
monomers in a copolymer, molecular weight, molecular weight distribution, hybrid 
polymer, blend, and additives. 

Also, the reaction charge mole ratio between acyclic olefin and cycloolefin can be 
modified over a wide range depending on the polyolefin resin having a cyclic structure 
that is the goal. It is preferably adjusted to 50: 1-1 : 50; especially preferred is 20: 1-1 :20. 

If a total of two types of compounds are charged and reacted as the 
copolymerization components — ethylene as the acyclic olefin and norbornene as the 
cycloolefin — the glass transition point (Tg) of the polyolefin resin having a cyclic 
structure that is the reaction product is strongly affected by their charge ratio, and Tg has 
a tendency to rise as norbornene content increases. For example, if the norbornene 
charge composition ratio is about 60 wt.%, Tg is essentially 60~70°C. 

Physical property values such as number-average molecular weight are adjusted 
as is known from the literature. 

The polyolefin resin having a cyclic structure used in the present invention that is 
colorless and transparent and has high optical transparency may be a mixture of a low 
viscosity resin with number-average molecular weight less than 7,500 as measured by 
GPC, preferably from 1,000 to less than 7,500, more preferably from 3,000 to less than 
7,500, and a weight-average molecular weight less than 15,000, preferably from 1,000 to 
less than 15,000, more preferably from 4,000 to less than 15,000, i.v. (intrinsic viscosity) 
<0.25 dl/g, and Tg preferably <70°C and a high viscosity resin with number-average 
molecular weight of 7,500 or higher as measured by GPC, preferably from 7,500 to 
50,000, a weight-average molecular weight of 15,000 or higher, preferably from 50,000 
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to 500,000, and i.v. >0.25 dl/g. Or the polyolefin resin having a cyclic structure may 
have a molecular weight distribution with one peak and a resin fraction with a number- 
average molecular weight of less than 7,500 and a resin fraction with a number-average 
molecular weight of 7,500 or higher, or it may have two or more peaks, among which the 
resin fraction with one peak has a number-average molecular weight of less than 7,500 
and the resin fraction with the other peak has a number-average molecular weight of 
7,500 or higher. When the polyolefin resin having a cyclic structure is a mixture of 
components with various differing number-average molecular weights, etc., resin fraction 
refers to each resin component before mixing; in other cases it refers to fractionated 
resins in the final synthesis product identified by an appropriate means such as the GPC 
method, etc. Furthermore, if these resin fractions are mono disperse or close to 
monodisperse, having Mn of 7,500 means that Mw is essentially equivalent to 15,000. 

A high molecular weight/low molecular weight polyolefin resin having a cyclic 
structure has the aforesaid number-average molecular weight Mn, weight-average 
molecular weight Mw, and intrinsic viscosity i.v., so Mw/Mn, which is used as a measure 
expressing the dispersion of the molecular weight distribution, is only 1-2.5. That is, it is 
monodisperse or close to monodisperse, so its heat response properties are fast, and a 
toner with strong fixing strength can be manufactured, and it can be fixed at low 
temperature and low pressure, and this contributes to toner storage stability, uniform 
spent toner properties and charge distribution, and electrical stability that makes 
charge/discharge efficiency constant. Particularly when the low viscosity resin is 
monodisperse or close to monodisperse the toner's so-called heat response properties of 
instantaneous melting and solidifying are more improved, which is preferable. 

Also, the aforesaid high and low viscosity polyolefin resin having a cyclic 
structure is colorless and transparent and has high optical transparency, so an azo pigment 
permanent rubin F6B (made by Hoechst), for example, was added, and sufficiently 
kneaded, and then made into a sheet using a press, and its superior transparency was 
confirmed, so it can be sufficiently applied to color toner too. Also, this resin has a very 
small heat of fusion as measured by the DSC method, so one can expect to greatly reduce 
the amount of energy consumed in fixing. 
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Also, the high viscosity polyolefin resin having a cyclic structure has the 
aforesaid physical properties, so compared to the low viscosity resin it contributes 
structural viscosity to the toner, thereby increasing the anti-offset effect and improving 
adhesion to the substrate being copied on, i.e. paper or film. 

However, if the amount of high viscosity resin used is 50 wt.% or greater based 
on the whole binder resin, its uniform kneading properties are greatly reduced, and this 
creates problems in toner performance. That is, it is not possible to obtain high quality, 
i.e. a sharp image with strong fixing strength and superior heat response. 

The present invention's electrostatic image development toner has a binder resin 
that includes at least a polyolefin resin having a cyclic structure, and moreover uses 
polyolefin resins having a cyclic structure that have both the aforesaid low viscosity and 
high viscosity, so the nonoffset temperature range is wide at both high temperatures and 
low temperatures, and fixability in high-speed copying is increased, and low temperature 
and low pressure fixability are simultaneously improved. 

The aforesaid low viscosity polyolefin resin with number-average molecular 
weight less than 7,500 contributes to widening the nonoffset temperature range at low 
temperatures, and the aforesaid high viscosity polyolefin resin with number-average 
molecular weight 7,500 or higher contributes to widening the nonoffset temperature 
range at high temperatures, but here to more effectively widen the nonoffset temperature 
range at high temperatures there should be a high viscosity polyolefin resin with number- 
average molecular weight 20,000 or higher. The content ratio of the polyolefin resins 
having a cyclic structure with number-average molecular weight less than 7,500 and 
molecular weight range 7,500 or higher based on the whole binder resin is preferably 0.5 
weight parts or more for both, and more preferably 5 weight parts or more for both when 
the whole binder resin is 100 weight parts. Furthermore, if the content of both is less 
than 0.5 weight parts an offset temperature range wide enough for practical use cannot be 
obtained. 

Also, if the polyolefin resin having a cyclic structure consists of a low viscosity 
polyolefin resin having a cyclic structure with number-average molecular weight less 
than 7,500 and a high viscosity polyolefin resin having a cyclic structure with number- 
average molecular weight 25,000 or higher, we decided that adding a medium viscosity 
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polyolefin resin having a cyclic structure with number-average molecular weight 7,500 or 
higher and less than 25,000 in order to increase the compatibility of these high and low 
viscosity component resins is effective in providing a continuous nonoffset width. 

That is, it is also a useful embodiment of the present invention if the binder resin 
includes at least a polyolefin resin having a cyclic structure, and this polyolefin resin 
having a cyclic structure consists of resins or resin fractions with three separate molecular 
weight ranges as measured by GPC: Mn less than 7,500, from 7,500 or higher to less 
25,000, and 25,000 or higher. Here the resin fraction constituting each of the aforesaid 
molecular weight ranges may be a resin having a molecular weight distribution with one 
or two peaks divided into fractions with the aforesaid three separate molecular weight 
ranges as expressed by Mn, or a resin whose molecular weight distribution has three or 
more peaks from mixing, etc. having at least one molecular weight peak in each of the 
aforesaid molecular weight ranges respectively. 

The ratio of the aforesaid intermediate viscosity polyolefin resin or resin fraction 
for increasing compatibility should be 1 weight part or greater, preferably 5 weight parts 
or greater, when the whole binder resin is 100 weight parts. 

In the present invention a toner that mixes a polyolefin resin consisting of a resin 
or resin fraction with Mn ranges both less than 7,500 and 7,500 or greater with another 
resin and uses it as a binder resin achieves high quality, namely superior fixing strength 
and sharp images. Other resins are polyester resin, epoxy resin, polyolefin resin, vinyl 
acetate copolymers, vinyl acetate copolymers [sic], styrene-acrylic resin, or other acrylic 
resins individually or as mixtures or hybrid polymers of the aforesaid polymers. In this 
case, if the whole binder resin is 100 weight parts, the use ratio of polyolefin resin having 
a cyclic structure and the other resin in the binder resin should be 1-100, preferably 
20-90, more preferably 50-90 weight parts for the former and 99-0, preferably 80-10, 
more preferably 50-10 weight parts for the latter. It is difficult to achieve high quality 
images if the former amounts to less than one weight part. 

Introducing a carboxyl group to the polyolefin resin having a cyclic structure 
improves compatibility with other resins and increases pigment dispersion. In addition it 
also increases adhesion with the paper or film that is the copying substrate and increases 
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fixability. A two-stage polymerization method in which first the polyolefin resin having 
a cyclic structure is polymerized and then a carboxyl group is introduced is advantageous. 

There are at least two methods of introducing this carboxyl group. One is the 
melt air oxidation method, in which an alkyl group such as a methyl group, etc. at the end 
of a resin is oxidized, and a carboxyl group is formed. However, with this method a 
polyolefin resin having a cyclic structure synthesized by a metallocene catalyst undergoes 
almost no branching, so it is difficult to introduce many carboxyl groups. The other 
method is to add a peroxide to the resin and to react some of the created radicals with 
maleic anhydride, its esters, its derivatives, amides, and other polar unsaturated 
compounds. This method theoretically can introduce many carboxyl groups into the 
resin, but when the introduction ratio becomes large the resin yellows and transparency 
becomes bad. Therefore when the application is toner, maleic anhydride should be 
introduced in the amount of 1-15% by weight based on the binder. The same sort of 
improvements can also be achieved by introducing hydroxyl groups or amino groups by 
known methods. 

Also, toner fixability can be improved by introducing a crosslink structure into the 
polyolefin resin having a cyclic structure. One method of introducing this crosslink 
structure is to add a diene monomer such as norbornadiene, cyclohexadiene, etc. to the 
acyclic olefin and cycloolefin and react them and obtain a polyolefin with a three- 
dimensional cyclic structure. With this method the resin is functionalized by giving it a 
crosslink structure, either by a known chemical reaction such as oxidation, epoxidation, 
etc. to give it an active end without using a crosslinking agent or by adding a crosslinking 
agent. 

Another method is to add a metal such as zinc, copper, calcium, etc. to a 
polyolefin resin having a cyclic structure with a carboxyl group introduced as described 
above, and then mix and melt it with a screw, etc., and give [the resin] a crosslink 
structure by homogeneously dispersing [the metal] as tiny particles in the resin and 
making an ionomer. Ionomer technology itself is disclosed (specification of U.S. Patent 
No. 4,693,941) as a terpolymer that includes a carboxyl group that can be partially or 
completely neutralized in a divalent metal salt form with the object of achieving 
toughness, for example, and is reported in Japanese Laid-open Patent Application Hei 6- 
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500348 (PCT), for the same object as above, as molded polyester resin including an 
unsaturated carboxylic acid ionomer; its carboxyl groups are about 20-80% neutralized 
with zinc, cobalt, nickel, aluminum or copper (II). 

A known functional additive is used in the inventive toner in order to improve its 
anti-offset properties, but adding wax to additionally improve its performance is thought 
to be effective. Such polar waxes are amide wax, carnauba wax, higher fatty acids and 
their esters, higher fatty acid metal soaps, partially saponified higher fatty acid esters, and 
higher fatty acid alcohols; nonpolar waxes are polyolefin wax and paraffin wax. At least 
one type of wax can be selected from among these and used as a functional additive. 

That is, a polar wax is believed to operate as an external lubricant due to the 
polarity difference with the aforesaid polyolefin resin, which is nonpolar, and a nonpolar 
polyolefin wax or the like is believed to function as an external lubricant because of easy 
surface migration caused mainly by its low molecular weight, and these contribute to 
improving nonoffset properties. 

The inventive electrostatic image development toner can be obtained by adding a 
colorant, charge control agent, and functional additive and other additives as necessary to 
the aforesaid binder resin, and applying a conventional known method such as extrusion 
forming, kneading, pulverization, sifting, etc., and additionally adding a flowing agent, 
lubricant, etc. 

In this case the colorant used can be a conventional known one such as carbon 
black, diazo yellow, phthalocyanine blue, quinacridone, carmine 6B, monoazo red, 
perylene, etc. 

Also, the charge control agent used can be a conventional known one such as 
Nigrosine dyes, fatty acid modified Nigrosine dyes, metallized Nigrosine dyes, 
metallized fatty acid modified Nigrosine dyes, chromium complexes of 3,5-di-tert- 
butylsalicylic acid, quaternary ammonium salts, triphenyl methane dyes, azochromium 
complexes, etc. 

In addition, a flowing agent such as colloidal silica, aluminum oxide, titanium 
oxide, etc. and a lubricant comprising a fatty acid metal such as barium stearate, calcium 
stearate, barium laurate, etc. can be added to the inventive toner. 
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The inventive toner can be used as a dry one-component magnetic toner, dry one- 
component nonmagnetic toner, wet two-component toner, dry composite toner, wet-dry 
toner, and liquid toner. In addition, the present invention is applicable to copiers, 
printers, fax machines, and high-speed electrophotographic printing machines, and as a 
full color toner is applicable to color copiers, color laser copiers, and color laser printers. 

Embodiments 

Below, the present invention will be described in more detail by reference to 
Embodiments and Comparative Examples. 

The methods of measuring the physical properties of the polyolefln resin having a 
cyclic structure used in the present invention are as follows. 

GPC Measurement Conditions for Measuring Molecular Weight: 

Molecular weight conversion method: Using polyethylene standard 
Column used: Jordi-Saeule 500x10 linear 
Mobile phase: 1,2-dichIorobenzene (135°C) 

(flow speed 0.5 mL/minute) 
Detector: Differential refractometer 

Intrinsic Viscosity Measurement Method: 

Intrinsic viscosity at 135°C when l .Og resin is homogeneously dissolved in 
decalin 100 mL. 

Toner Preparation Method 1 

Dry nonmagnetic one-component and dry two-component toner: 1 wt.% charge 
control agent (Copy Charge NX, Hoechst), 4 wt.% amide wax (BNT, Nippon Seika), 0.5 
wt.% aerosol silica (HDK-H2000, Wacker Chemie), 5 wt.% magenta pigment (permanent 
rubin F6B, Hoechst) as a colorant, and 89.5 wt.% binder resin were mixed, and melt 
kneaded at 130°C by a two roll mill, then cooled and solidified. This was made into a 
coarse powder, and then made into fine particles using a jet mill and sifted, to make toner 
with average particle size about 10 um 
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Toner Preparation Method 2 

Dry magnetic one-component toner: 40 wt.% magnetic powder (BL100, Titan 
Industries), 1 wt.% charge control agent (Copy Charge NX, Hoechst), 4 wt.% wax (BNT, 
Nippon Seika), 0.5 wt.% aerosol silica (HDK-H2000, Wacker Chemie), 2.0 wt.% calcium 
carbonate (Shiraishi Calcium) as an extender pigment and structural viscosity improver, 
and 52.5 wt.% binder resin were mixed, and melt kneaded at 130°C by a two roll mill, 
then cooled and solidified. This was made into a coarse powder, and then made into fine 
particles using a jet mill and sifted, to make toner with average particle size about 10 urn. 

Toner Preparation Method 3 

Wet composite toner: 1 wt.% charge control agent (Copy Charge NX, Hoechst), 4 
wt.% wax (BNT, Nippon Seika), 0.5 wt.% aerosol silica (HDK-H2000, Wacker Chemie), 
5 wt.% magenta pigment (permanent rubin F6B, Hoechst) as a colorant, and a monomer 
component equivalent to 89.5 wt.% binder resin when polymerized were mechanically 
dispersed and mixed, and made into toner with average particle size about 10 um by 
interfacial polymerization. . 

Toner Preparation Method 4 

Wet-dry toner: 40 wt.% toner obtained using the dry polymerization formulation 
was mixed with 60 wt % electrolytic solution (Isopar-H, Exxon), and kneaded in a sand 
mill to make toner. 

Toner Preparation Method 5 

Liquid toner: 1 wt.% carbon black (MA-7, Mitsubishi Chemicals) as a colorant, 
0.5 wt.% charge control agent (Reflex Blue R51, Hoechst), and 98.5 wt.% binder resin 
[were combined], and 40 wt.% of this was mixed with 60 wt.% electrolytic solution 
(Isopar-H, Exxon), and kneaded in a sand mill to make toner. 
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Table 1 



Embodiment or 
Comparative 
Example No. 


Tntipr 
Prenaration 

A ■ WL/UI (4 U \/ n 

Method 


Binder Resin Formulation 


Sample No. 


Wt.% 


Sample No. 


Wt.% 


Embodiment 1 


1 and 3 


l 


OA r 

89.5 






Embodiment 2 


1 and 3 


t 


/A 

60 


2 


29.5 


Embodiment 3 


1 and 3 


l 


60 


7 


29.5 


Embodiment 4 


1 and 3 


3 


89.5 




— 


Embodiment 5 


1 and 3 


J 


60 


1 


29,5 


Embodiment 6 


1 and 3 


« 


ay. j 






Embodiment 7 


1 and 3 


c 

J 


oU 


1 


29.5 


Embodiment 8 


1 and 3 


1 


DU 


z 


14.5 














Embodiment 9 


2 


1 


52.5 






Embodiment 10 


2 


1 


"5 A 

30 


2 


22.5 


Embodiment 1 1 


2 


1 
1 


30 


7 


22.5 


Embodiment 12 


2 


1 
1 


3U 


o 

» 


22.5 


Embodiment 13 


2 


■5 
J 


52.5 






Embodiment 14 


2 


1 

J 


in 

30 


7 


22.5 


Embodiment 15 


2 


1 

J 


30 


8 


22.5 


Embodiment 16 


2 


C 

J 


52.5 




— — 


Embodiment 17 


2 


< 


^ A 

30 


7 


22.5 


Embodiment 18 


2 


J 


1A 
JU 


o 


22.5 


Embodiment 19 


2 


f 
I 


30 


2 


1 1 




2 










Embodiment 20 


4 and 5 


1 

1 


39.4 






Embodiment 21 


4 and 5 


1 

1 


24 


2 


15.4 


Embodiment 22 


4 and 5 


1 


23 


7 


15.4 


Embodiment 23 


4 and 5 


1 


24 


8 


15.4 


Embodiment 24 


4 and 5 


3 


39.4 






Embodiment 25 


4 and 5 


*> 
J 


24 


7 


15.4 


Embodiment 26 


4 and 5 


3 


24 


8 


15.4 


Embodiment 27 


4 and 5 


e 

j 


39.4 




— - 


Embodiment 28 


4 and 5 


c 

-> 


24 


7 


15.4 


Embodiment 29 


4 and 5 


5 


24 


« 


15 4 
l j.t 


Embodiment 30 


4 and 5 


1 


24 


2 


7.4 














Comp. Exp. 1 


1 and 3 


7 


89.5 






Comp. Exp. 2 


1 and 3 


8 


89.5 






Comp. Exp. 3 


2 


7 


52.5 






Comp. Exp. 4 


2 


8 


52.5 






Comp. Exp. 5 


4 and 5 


7 


39.4 






Comp. Exp. 6 


4 and 5 


8 


39.4 
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Table 2 shows the basic physical properties of the cyclic polyolefin resin used in 
the present invention. 



Table 2: Basic Physical Properties 



Sample 

No. 


Name 


Mw 


Mn 


i.v. 


HDT 


Mw/Mn 


Tg 


1 


MT845 


6250 


3350 


0.19 


<70 


1.9 


61 


2 


MT854 


66100 


27700 


1.39 


>70 


2.4 


66 


3 


T-745 '-MO 


6800 


3400 


<0.25 


<70 


2.0 


78 


5 


T-745'-CL 


12000 


3900 


<0.25 


<70 


3.5 


76 


7 


Tuftone NE 2155: Polyester resin made by Kao, Inc. 


8 


MC 100: Styrene acrylic resin made by Ni 


ppon Carbide Industries 


9 


MT849 


40100 


22200 


0.7 


£70 


1.8 


65 


10 


T-745 


7000 


3800 


0.19 


<70 


1.8 


68 n 



Tg: Glass transition point 



Sample No. 1 (MT845, No. 2 (MT854), and No. 9 (MT849 were cyclic polyolefin 
resins with low viscosity, high viscosity, and medium viscosity respectively. 

Sample No. 3 (T-745'-MO): Sample No. 10 (-745), which was a binary 
copolymer of ethylene and norbornene, was reacted with peroxide and 7 wt.% maleic 
anhydride based on the T-745 to introduce a carboxyl group. 

Sample No. 5 (T-745'-CL): Sample No. 3 (T-745'-MO, which had a carboxyl 
group introduced, had about 70% of the carboxyl groups neutralized with zinc to make an 
ionomer. 

Tuftone NE 2155: Tg = 65°C. 

MC100: Tg - 69°C, Mw = 53000, Mn = 23000, Mw/Mn = 2.3 
Toners prepared by the aforesaid toner preparation methods 1, 2, and 3 were fed 
into a commercially available electrophotographic copier (Canon PC 100) and their 
performance was tested. Toners prepared by the aforesaid toner preparation methods 4 
and 5 were fed into a commercially available electrophotographic copier (Ricoh FT500i) 
and their performance was tested. Table 3 summarizes the results. 
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Table 3 





Fixability 
10 pages/min 


Image Sharpness 


upucai 
Transparency 
624 nm 


openi 
Toner 
Properties 


iNononsei 
Properties 


Fine Line 
Resolution 


Gray 
Scale 


Embodiment 1 


O 


0 


0 


0 


0 


A 


Embodiment 2 


o 


O 


0 


0 


0 


O 


Embodiment 3 


o 


A 


A 


A 


A 


A 


Embodiment 4 


oo 


O 


0 


0 


0 


A 

Li 


Embodiment 5 


00 


0 


0 


0 


0 


A 

LA 


Embodiment 6 


00 


0 


0 


0 


0 


O 


Embodiment 7 


oo 


A 


A 


A 


A 


O 


Embodiment 8 


oo 


o 


0 


0 


0 


OO 


Embodiment 9 


o 


0 


0 


— 


0 


A 


Embodiment 10 


0 


o 


0 


— 


0 


O 


Embodiment 1 1 


o 


0 


0 


— 


A 


A 


Embodiment 12 


o 


o 


o 


— 


A 


A 


Embodiment 13 


oo 


0 


0 


— 


0 


A 


Embodiment 14 


oo 


0 


0 


— 


0 


A 


Embodiment 15 


00 


0 


o 





0 


A 


Embodiment 16 


oo 


o 


o 




0 


O 


Embodiment 17 


oo 


o 


o 


— 


A 


0 


Embodiment 18 


oo 


0 


o 


— 


A 


o 


Embodiment 19 


oo 


0 


o 


0 


0 


00 


Embodiment 20 


0 


0 


o 


— 


0 


A 


Embodiment 21 


o 


0 


0 


— 


0 


0 


Embodiment 22 


0 


0 


0 


— 


— 


A 


Embodiment 23 


0 


o 


0 




mmmm 


A 


Embodiment 24 




o 


o 






A 


Embodiment 25 




r\ 
Vj 


\J 






A 


Embodiment 26 


oo 


o 


0 





— 


A 


Embodiment 27 


oo 


o 


0 


— 


— 


O 


Embodiment 28 


oo 


o 


0 


— 


— 


O 


Embodiment 29 


oo 


o 


0 


— 


— 


O 


Embodiment 30 


oo 


o 


0 


o 


o 


OO 


Comp. Exp. 1 


X 


A 


A 


0 


X 


X 


Comp. Exp. 2 


X 


X 


X 


X 


X 


X 


Comp. Exp. 3 


X 


0 


0 




X 


X 


Comp. Exp. 4 


X 


0 


0 




X 


X 


Comp. Exp. 5 


X 


0 


0 




X 


X 


Comp. Exp. 6 


X 


0 


0 




X 


X 



Embodiments 1-8 and 20-30 and Comparative Examples 1, 2, 5, and 6 used two 
toner preparation methods, but had the same toner composition and resin skeleton, so the 
evaluation item results are identical. 
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Evaluation Methods and Decision Criteria 

1) Fixability 

The toners prepared with the respective formulations were each used for copying 
onto recycled paper at a rate of 10 copies/minute for copying speed and a temperature 
range of 1 10~140°C as the fixing temperature, with the temperature raised in 10°C 
increments, and the resulting copy samples were rubbed 10 times using a Southerland 
abrasion tester. The load when doing so was 40 g/cm 2 . The samples were measured for 
printing density using a Macbeth reflection densiometer. A scale was used in which 
when even one of the measured values at the respective temperatures was <65% the 
symbol X was assigned; 65 to <75% was assigned A, 75 to <85% was assigned 0, and 
85% or higher was assigned 00. 

2) Image Sharpness 

Samples copied onto recycled paper using the toners prepared with the respective 
formulations were measured using Data Quest image samples. The criteria were 
resolution of fine lines and gray scale in the copied images. Fine line resolution of 200 
dots/inch or less was graded X, 201-300 dots/inch was graded A, and 301 dots/inch or 
more was graded O. For gray scale the reflection density ratio between the sample image 
and the copied image was measured at each step on the gray scale; less than 65% was 
graded X, 65 to <75% was graded A, and 75% or higher was graded O. 

3) Optical Transparency 

Sheet-like samples with film thickness 100 jim each were prepared using magenta 
toner prepared with embodiment and comparative example formulations. The optical 
transparency of each sample was measured using a spectral filter with a peak at 624 nm. 
Transmittance of <8% at 624 nm was graded X, 8 to <1 1% was graded A, and 1 1% or 
higher was graded O. 

4) Anti-spent Toner Properties 

The toners described in the embodiments and comparative examples and a ferrite 
carrier made by Powdertech were put in a developer box in predetermined amounts, and 
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stirred and triboelectrically treated for one week, and 5g carrier with adhered toner was 
measured out. This was placed in soapy water, and the toner electrostatically adhered to 
the surface was removed, and only the magnetic powder was extracted using a magnet. 
This magnetic powder was immersed in acetone, and spent toner melt-bonded to the 
surface was dissolved and removed. A weight change of 0.2% or less after the 
immersion treatment was graded 0, 0.2-0.5% was graded A, and 0.5% or more was 
graded X. 

5) Anti-ofFset Properties 

The toners prepared with the respective formulations were each used for copying 
onto recycled paper at a rate of 10 copies/minute for copying speed and a temperature 
range of 90-1 80°C as the fixing temperature, with the temperature raised in 10°C 
increments, and the non-image areas of the copy samples were measured for printing 
density using a Macbeth reflection densiometer. Print density 0.2 or less (the paper's 
print density = 0.15) was considered anti-offset. When the different between the upper 
and lower limit of temperatures without offset was 0°C it was graded X; 1-20°C was 
graded A, 21-40°C was graded O, and 40°C or more was graded OO. 
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CLAIMS 

1. A toner for electrostatic image development toner whose main components are 
binder resin, colorant, functional additive, and charge control agent, wherein said binder 
resin includes at least a polyolefin resin having a cyclic structure, and the polyolefin resin 
having a cyclic structure consists of a resin or resin fraction having a number-average 
molecular weight (Mn) less than 7,500 as measured by GPC and a resin or resin fraction 
having a GPC number-average molecular weight of 7,500 or higher, and moreover, in 
this polyolefin resin having a cyclic structure the content of a resin or resin fraction 
having an intrinsic viscosity (i.v.) >0.25 dl/g and a number-average molecular weight 
(Mn) of 7,500 or higher as measured by GPC and a weight-average molecular weight 
(Mw) of 1 5,000 or higher is less than 50 wt.% based on the whole binder resin. 

2. The toner for electrostatic image development recited in claim 1, wherein 1-100 
weight parts polyolefin resin having a cyclic structure is combined with 99-0 weight 
parts polyester resin, epoxy resin, polyolefin resin, vinyl acetate resin, vinyl acetate 
copolymer, styrene-acrylic resin, or other acrylic resins individually or as mixtures 
thereof. 

3. The toner for electrostatic image development recited in claim 1 or 2, wherein the 
polyolefin resin having a cyclic structure has at least one polar functional group. 

4. The toner for electrostatic image development recited in claim 3, wherein the 
polyolefin resin having a cyclic structure has at least one polar functional group selected 
from the group consisting of a carboxyl group, hydroxyl group, and amino group. 

5. The toner for electrostatic image development recited in any of claims 1 through 
4, wherein the polyolefin resin having a cyclic structure is an ionomer. 

6. The toner for electrostatic image development recited in any of claims 1 through 
4, wherein the polyolefin resin having a cyclic structure has a crosslinked structure. 

7. The toner for electrostatic image development recited in claim 6, wherein the 
polyolefin resin having a cyclic structure is crosslinked by a diene, ester, amide, sulfide, 
or ether. 

8. The toner for electrostatic image development recited in any of claims 1 through 
7, wherein at least one type of polar wax is used as a functional additive. 
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9. The toner for electrostatic image development recited in claim 8, wherein at least 
one type of polar wax selected from among amide wax, camauba wax, higher fatty acids 
and their esters, higher fatty acid metal soaps, partially saponified higher fatty acid esters, 
and higher fatty acid alcohols is used as a functional additive. 

10. The toner for electrostatic image development recited in any of claims 1 through 
7, wherein at least one type of nonpolar wax is used as a functional additive. 

1 1 . The toner for electrostatic image development recited in claim 10, wherein at least 
one type of nonpolar wax selected from among polyolefin wax or paraffin wax is used as 
a functional additive. 

12. The toner for electrostatic image development recited in any of claims 1 through 
1 1, wherein the polyolefin resin having a cyclic structure constituting the binder resin 
includes resin or resin fractions with three or more separate molecular weight ranges in 
terms of number-average molecular weight (Mn) as measured by GPC: less than 7,500, 
from that or higher to less 25,000, and 25,000 or higher. 

13. A wet-dry [toner] containing 30-50 wt.% polymer solid component containing 
0.5-5 wt.% charge control agent, 1-10 wt.% wax, 0. 1-2 wt.% aerosol silica, 1-10 wt.% 
pigment and 85-95 wt.% binder resin, and 50-70 wt.% electrolytic solution. 

1 4. A liquid toner containing 30-50 wt.% of a mixture containing 0.5-1.5 wt.% 
carbon black, 0.5—1.5 wt.% charge control agent, and 85-95 wt.% binder resin, and 
50-70 wt.% electrolytic solution. 
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